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A B S T R A C T
During development of plant products metabolic changes in bioactive compounds occur.
The main objective of this work was to evaluate peduncles of H. dulcis Thunb. at five dif-
ferent stages of maturation, for antioxidant compounds contents (including phenols and
organic acids) and antioxidant capacity. This is the first report on the evolution of antioxi-
dants in H. dulcis pseudofruits through maturation process. The organic acids profile in the
peduncules of H. dulcis evolves from majority of tartaric acid to citric acid. Immature pe-
duncles (at a developmental stage not suitable for food consumption) are better functional
ingredient with higher polyphenols and antioxidant capacity.
© 2015 Elsevier Ltd. All rights reserved.
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1. Introduction
Hovenia dulcisThunberg, whose popular name is Japanese grape,
belongs to Rhamnaceae family, native of China, Japan and Korea
introduced in other areas (Brazil, Argentina, Paraguay, Uruguay,
United States, Cuba, southern Europe and North Africa). Its in-
troduction in Brazil in the seventies was apparently due to the
Chinese Academy of Forestry, who gave seeds of H. dulcis from
two localities of People’s Republic of China, to the Brazilian Ag-
ricultural Research Corporation (EMBRAPA) as a gift for
ornamental purposes and reforestation. Then it was dissemi-
nated throughout the southern region of Brazil, and adapted
well to the climate and soil of this country (Carvalho, 1994;
Rigatto, Pereira, Mattos, & Schaitza, 2001).
Hovenia dulcis flourishes in Brazil from August to February
and gets mature fruits from March to October. The fruit is a
small dry capsule from 6 to 7 mm in diameter containing 2–4
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seeds, attached to a tanned-stalk, which becomes thickened
and fleshy when mature, which is also sweet and pleasant-
tasting (Carvalho, 1994). Pseudofruits are peduncules from a
single flower that, as a result of fertilization, has the develop-
ment of an accessory organ in addition to the ovary (Chitarra
& Chitarra, 2005). In the case of H. dulcis, the mature pe-
duncle, being erroneously called a fruit, is the edible part.This
type of organs attached to dry fruits is probably a strategy of
dry fruited-plants to facilitate endozoochory (Zhou, Newman,
Xie, & Macdonald, 2013).
The tasty pulp of the mature peduncle resembles pears
aroma, with good acceptance for human consumption
(Carvalho, 1994).The mature peduncles, which occurs at about
May–June (Ryall & Lipton, 1979) can be used for preparation
of juices, wines, vinegars and sweets such as jelly. Due to its
high levels of dietary fibre, and according to theminimum levels
established by the Brazilian legislation (3 g/100 g), it is consid-
ered as a good source of fibre in the diet, or as food ingredient
for nutritional fortification of bakery products (Bampi et al., 2010;
Brazil, 1998; Maieves et al., 2015).
Plants are recognized sources of vitamins, minerals and
fibres. However, in recent years, greater attention has been given
to other components, since epidemiological evidence have
shown that regular consumption of vegetables is associated
with reduced mortality and morbidity for some non-
communicable chronic diseases.The protective effects exerted
by these foods have been attributed to the presence of many
bioactive compounds, including phytochemicals with antioxi-
dant action. The antioxidant capacity of polyphenols (or
phenols) by quenching free radicals is well known (Perron &
Brumaghim, 2009). Other compounds, also exhibit antioxi-
dant properties; for example, some organic acids, such as citric,
ascorbic and tartaric acids, could be considered as secondary
antioxidants, classified as synergists for promoting the activ-
ity of the primary antioxidants (Cheftel & Cheftel, 1999).Ascorbic
acid is one of the most important water-soluble antioxi-
dants, against reactive oxygen species (ROS) and nitrogen (RNS),
but also by synergism with tocopherol and glutathione in cell
membranes (Price, Prosser, Richetin, & Rhodes, 1999). Citric acid
is a very effective antioxidant by its ability to inactivate traces
of metals, mainly in oils and fats.The retardant effect of malic
acid on oxidative degradation of lipids is also well known, and
a similar behaviour has been reported for tartaric acid
(Matsuzaki & Hara, 1985). However, althoughmany studies have
focused on phenols contents in natural products, very few have
included these other compounds that may contribute to their
final antioxidant properties (Morales et al., 2013).
As fruits undergo important changes during the matura-
tion process (colouring, softening, reducing acidity, astringency,
rise of sweetness and emanation of volatiles), from a point of
view of utilization of natural products, the knowledge of the
evolution of fruit composition through maturation process is
of great relevance to select the optimum maturity stage to be
used as a functional ingredient. However, not many studies have
focused on how maturation process affects the contents of
bioactive compounds in plant foods (Sousa, Malheiro, Casal,
Bento, & Pereira, 2014).
Food industries are demanding new food ingredients for de-
veloping commercial foods, as well as to be included as
functional ingredients in different foods, supplements or
medicinal products. Fruits used for food are usually eaten in
the optimum maturity state, determined by sensory attri-
butes; however, the unripe products are usually rich in
secondarymetabolites with known bioactive roles in the human
body; this is due to the fact that the intense metabolic activ-
ity of the fruit in formation which usually requires physiological
mechanisms of defence as biosynthesis of organic molecules
occurs. In this respect, immature fruits may have great po-
tential as sources of bioactive compounds for other products
(Chitarra & Chitarra, 2005).
To the best of our knowledge, the studies about the chemi-
cal characterization of H. dulcis peduncles are very scarce, and
this is the first study about phytochemicals variations during
maturation process.Therefore, the main objective of this work
was to analyse pseudofruits of H. dulcis during different stages
of maturation, in order to procure information about antioxi-
dant compounds contents, including phenolic compounds and
organic acids, as well as to evaluate the antioxidant capacity
of each maturity stage, with the purpose of evaluating this
product as an alternative to those already used, for being a po-
tential source of bioactive compounds for functional foods,
dietary supplements or nutraceuticals formulations.
2. Materials and methods
2.1. Samples
The pseudofruits of H. dulcis were collected for five consecu-
tive months, in trees situated in the neighbourhood of Jardim
das Américas, Curitiba-PR-Brazil, under coordinates (S) 25° 20
56 and (W) 49° 13 57.
The most immature peduncles (Hd01) were collected in Feb-
ruary, corresponding to a maturity degree (MD) of 0.52
(calculated as % soluble sugars/titratable acidity expressed as
% tartaric acid). Then peduncles were collected approxi-
mately each month (Hd02, MD = 0.64; Hd03, MD = 4.61; Hd04,
MD = 9.17; Hd05, MD = 8.31). It should be noted that MD was
used to better characterize the stage of each samples; however,
it may not have the habitual significance, since this product
it is not a fruit, and thus its metabolism is expected to be dif-
ferent from real fruits. Stages Hd01 is the post-anthesis
development, not suitable for food consumption, along with
the stages Hd02 and Hd03.The full maturation phase with onset
of senescence, correspond to the stages Hd04 and Hd05, which
are suitable for fresh consumption.
Each sample was constituted by about 800–1000 g of pe-
duncles, collected from at least two different trees, and a
composite sample for each stage was prepared by mixing all
the pseudofruits harvested. They were washed in water and
left for 10 minutes under concentration of 200 ppm sodium hy-
pochlorite, then rinsed and freeze-dried (L101-Liotop, São Carlos,
São Paulo, Brazil). Finally the samples were stored at −20 °C until
analysed. Determinations were performed in freeze-dried
samples. Triplicate subsamples were taken for each analyti-
cal procedure.
2.2. Standards and reagents
Glacial acetic acid (chemically pure), sodium hydroxide, hy-
drochloric acid and Folin–Ciocalteu reagent were purchased
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from Panreac (Barcelona, Spain). Ferric chloride hexahydrate
(FeCl3·6H2O), sodium carbonate, sodium acetate potassium
acetate (CH3COOK), formic acid (HCOOH) and L-ascorbic acid
were purchased from Merck (Darmstadt, Germany). ABTS
(2,2′-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid)
diammonium salt), TPTZ (2,4,6-tris(2-pyridyl)-S-triazine),
PBS (phosphate buffered saline pH 7,4), Fast blue BB [4-
benzoylamino-2,5-diethoxybenzenediazonium chloride hemi
(zinc chloride) salt], ferulic acid, gallic acid and trolox (6-
hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), citric
dihydrate acid, malic acid, oxalic monohydrate acid, were pur-
chased from Sigma-Aldrich (St. Louis, MO, USA). Quercetin
dihydrate and potassium persulphate were purchased from
Fluka (Steinheim, Germany), methanol ACS quality was ob-
tained from Lab Scan. Potassium chloride was purchased by
Probus (Barcelona, Spain).
2.3. Apparatus
The HPLC equipment used for organic acid analysis was a
Micron Analítica (Madrid, Spain) liquid chromatographer
equipped with an isocratic pump (model PU-II), an 717 plus
Waters (Milford, MA, USA) autosampler, a Sphereclone ODS (2)
250 × 4.60, 5 µm Phenomenex (Torrance, CA, USA) column, and
a Thermo Scientific Spectra Series UV100 (Madrid, Spain) UV–
visible detector, working at 215 nm. Data processing software
was Biocrom 2000 version 3.0 (Madrid, Spain). For phenols and
antioxidant capacity assays, a Lambda EZ 210 Perkin Elmer
(Waltham, MA, USA) UV–visible spectrophotometer was used.
Other laboratory equipment used included a L101 Liotop
freeze-drier, a 320 R Hettich (Tuttlingen, Germany) centrifuge
and an R-114 Büchi (Flawil, Switzerland) rotary evaporator.
2.4. Total phenols and phenolic families analysis
A fine dried powder (5 g) of each freeze-dried sample was ex-
tracted by stirring with 40 mL of methanol, at 25 °C for 1 h, and
centrifuged at 7084 g for 5 minutes. The supernatant was dis-
carded, and the residue was then extracted again with 40 mL
methanol. The combined methanolic extracts were evapo-
rated at 35 °C under reduced pressure and redissolved in an
appropriate amount of methanol to a final concentration of
100 mg of residue/mL.
The concentration of total phenols was estimated follow-
ing themethod Fast Blue developed by Medina (2011) with some
modifications. This method is preferred to other classical
methods, such as Folin–Ciocalteu for being more specific. Ac-
cording to Huang, Ou, and Prior (2005), Prior, Wu, and Schaich
(2005), Lester, Lewers, Medina, and Saftner (2012) and Carocho
and Ferreira (2013), Folin–Ciocalteu would measure also other
reductants present in the sample (such as ascorbic acid and
others), and thus it would overestimate phenolic content. For
that reason, this method is nowadays recommended as a way
to study antioxidant activity and not for phenolic compound
quantifications, and so was applied in this study. Instead of
Folin–Ciocalteu for phenolic quantification, Fast-Blue assay was
applied, being based on the attack of the electron reactive group
(−OH) of the phenols by the diazonium function (−N2−) of Fast
Blue BB reagent, resulting in an electrophilic aromatic substi-
tution (Medina, 2011). Briefly, 4 mL of methanol extract were
transferred to borosilicate tubes, and were added with 0.4 mL
of 0.1% of Fast blue BB. After shaking, 0.4 mL of 5% NaOH was
added, stirred and let stand at room temperature for 90 min.
Absorbance was measured at 420 nm. A mixture of 0.8 mL of
deionized water plus 4 mL of sample in appropriated dilu-
tion was used as a blank of sample. Gallic acid was used as a
standard to build a calibration curve between 0 and 250 mg/L,
in the same conditions as the samples.Total phenols were ex-
pressed as mg gallic acid (GA)/100 g of dry weight (dw).
Total anthocyanin content was estimated by a pH differ-
ential method, previously developed by Giusti and Wrolstad
(1996). The absorbance of methanolic extract in different pH
conditions (pH 1 and pH 4.5) were measured at 510 and 700 nm,
and calculated using an extinction coefficient of 22,900 cm−1
and molecular weight of 449.6 g/mol. The final value was ex-
pressed as mg cyanidin-3-glucoside/100 g dw.
For the determination of total flavonols, a modified version
of the methodology described by Bonoli, Verardo, Marconi, and
Caboni (2004) was used. Briefly, 0.25 mL of the extract of the
samples was disposed into test tubes and 4 mL of diluent,
methanol, were added, adjusting to a final volume of 4.5 mL
with deionized water. The solution was mixed and allowed to
stand for approximately 15 min before reading the absor-
bance at 350 to estimate flavonols, quercetin (0–27 mg/L) was
used as standard for calibration. The results were expressed
as mg quercetin/100 g dw.
2.5. Organic acids analysis
Individual organic acids were determined based on the pro-
tocol described by Sánchez-Mata et al. (2012) using an HPLC-
UV methodology after samples extraction with 4.5%
m-phosphoric acid. The mobile phase was 1.8 mM H2SO4
(pH = 2.6), with a flow rate of 0.9 mL/min for ascorbic acid, or
0.4 mL/min for other organic acids.The compounds oxalic (OA),
tartaric (TA), malic (MA), ascorbic (AA), citric (CA) and fumaric
(FA) acids were identified by chromatographic comparisons with
authentic standards from Sigma (St. Louis, MO, USA) and Merck
(Darmsadt, Germany), and quantified by using linear calibra-
tion curves of each compound. Organic acids content in the
samples were expressed as mg/100 g dw.
2.6. Antioxidant capacity
As antioxidant activity is highly complex just one method is
not enough to have an idea of the antioxidant capacity of a
product, and habitually, different methods are necessary for
this purpose. In this study, Folin–Ciocalteu (based on reduc-
tion capacity), ABTS (2,2′-azinobis-(3-ethylbenzothiazoline-6-
sulfonic acid)), which is an inhibition assay based on the ability
of antioxidants in abducting free radicals; FRAP (ferric reduc-
ing ability of plasma) and CUPRAC (cupric reducing antioxidant
capacity), both being electron transfer metal-based reac-
tions, have been selected, exhibiting different reactivity towards
different molecules. As indicated above, Folin–Ciocalteu assay
was classically applied for phenolic compounds quantifica-
tion; however nowadays it is not recommended for this purpose,
but for antioxidant capacity measurement (Carocho & Ferreira,
2013; Huang et al., 2005; Prior et al., 2005).
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All the assays were made on the same appropriately diluted
sample extracts used for phenolic compounds analysis.
Folin–Ciocalteu assay
As mentioned above, this method has been previously used
to measure total phenolic content; however, other reducing
compounds, such as ascorbic acid or organic acids, can also
react with phosphomolybdic-phosphotungstic acid forming the
molybdenum blue complex, which lead to an overestimation
of the results. For that reason, several authors are nowadays
using Folin–Ciocalteu method for antioxidant capacity mea-
surement (Huang et al., 2005; Prior et al., 2005).
In this work, the method modified by Brenna, Ceppi, and
Giovanelli (2009) was followed. Briefly, 1.0 mL of extract sample
was mixed with a small amount of water and 1.0 mL of Folin–
Ciocalteau reagent; after 4 min, 4 mL of sodium carbonate
solution (100 mg/L) were added, and the flask was then filled
to 25 mL with distilled water. The mixture was incubated in
the dark at room temperature for 90 min before reading the
absorbance at 750 nm. Results were calculated according to a
linear gallic acid regression (0–0.43 mM), and expressed as µmol
of gallic acid equivalents (GAE)/g dw.
FRAP assay
It was performed based on Pulido, Bravo, and Saura-Calixo
(2000). Briefly, 4 mL of FRAP reagent, freshly prepared, were
mixed with 200 µL MeOH, 250 µL of deionized water and 50 µL
of methanolic extract sample. The FRAP reagent contained
25 mL of TPTZ solution (10 mmol/L) in HCl (40 mmol/L),
FeCl3•6H2O (20 mmol/L) and acetate buffer (0.3 M, pH 3.6) in the
ratio of 1:1:10 (v/v/v). After 30 min incubation, the absor-
bance was measured at 593 nm. Results were obtained by a
linear trolox regression (0–0.02 mM), and the results were ex-
pressed in µmol trolox equivalents (TE)/g dw.
CUPRAC assay
The procedure employed was described by Apak, Güçlü,
Özyürek, and Çelik (2008). Briefly 1 mL CuCl2 (10−2 M) + 1 mL
neocuproine (7.5 × 10−3 M, in ethanol 96%) + 1 mL NH4Ac
(1M) + 0.1 mL sample solutions + 1 mL H2O were mixed in test
tubes, in order to obtain a total final volume of 4.1 mL. Absor-
bance was measured at 450 nm. Results were obtained through
a linear regression trolox in ethanol (0.01–0.12 mM), and the
results were expressed in µmol TE/g dw.
ABTS (TEAC) assay
The method was based in the modification reported by Re et al.
(1999). The ABTS radical cation was generated by oxidation of
7 mMABTS with K2S2O8 (2.45 mM) in 10 mL of deionzed water
and kept in darkness at 4 °C during 16 hours. Once the radical
cation was obtained, the ABTS+ solution was diluted with PBS
(pH 7.4) to an absorbance of 0.800 ± 0.020 at 734 nm.A mixture
of 4 mL of the ABTS+ solution, 100 µL MeOH, 100 µL H2O and
50 µL of each extract stage of sample in appropriate dilution
was measured for absorbance after 30 exact minutes at 734 nm.
Results were obtained through a linear trolox regression
(4 × 10−3–0.02 mM) and expressed in µmol TE/g dw.
2.7. Statistical analysis
Analysis of variance (ANOVA), followed by Duncan’s test, was
conducted using Statgraphics Plus 5.1 software to analyse data
at the 95% confidence level. Moreover, multivariable analysis,
canonical correlations and principal components analysis (PCA),
were performed among the variables analysed using
Statgraphics Plus 5.1 software.
3. Results and discussion
3.1. Total phenols and phenolic families
The total content of phenols in the analysed samples was se-
verely influenced by the maturation process. Significant decline
in total phenolics was observed from Hd01 (1778 mg
GA/100 g dw) to Hd05 (659 mg GA/100 g dw), as given in Table 1.
This is in agreement with the results observed in other fruits,
such as olives (Sousa et al., 2014). Generally, phenol content
tends to be higher in immature fruits since they are utilized
as secondarymetabolites for defensemechanisms of the plants,
and thus they protect young fruits and allow their matura-
tion and reproduction function (Fennema, 1996). Also they can
increase in response to stressors, such as bruises and fungal
infections and the extent and magnitude of these changes may
widely vary, depending on plant material and storage condi-
tions. In other pseudofruits, such as cashew peduncle, Augustin
and Unnithan (1981) suggested that the initial slow growth
appears to be linked to high concentrations of phenols, effi-
cient inhibitors among the by-products of plants,while the rapid
growth in the final stadium is due to the increase of
carbohydrates.
Comparing the results obtained with other fruits, guava
(Psidium guajava L.) and jambul (Syzygium cumini L.), which may
present 10.81 mg GA/g and 583 mg GA/100 g, respectively
(Hassimoto, Genovese, & Lajolo, 2005; Kubola, Siriamornpun,
& Meeso, 2011), the peduncules of H. dulcis presented higher
values of total polyphenols; they also presented higher con-
tents than other pseudofruits, as reported by Rocha et al. (2011)
in different species of cashew peduncles highly consumed in
Brazil, such as Anacardium nanum A.St.-Hil, Anacardium
othonianum Rizzini, and Anacardium occidentale L. with total phe-
nolic contents of 170 mg GA/100 g of fresh weight, 225 mg GA/
100 g dw, and 159 mg of GA/100 g dw of pulp, respectively.
Total contents of some of the most common polyphenols
families present in fruits and vegetables (anthocyanins and
Table 1 – Total phenols, flavonols, and athocyanins in
pseudofruits of Hovenia dulcis Thunberg, at different
maturation stages.
Stage Total phenolics
(mg gallic acid/
100 g dw)
Flavonols (mg
quercetin/
100 g dw)
Anthocyanins
(mg cyanidin-
3-glucoside/
100 g dw)
Hd01 1778 ± 139d 45.8 ± 1.7a Nd
Hd02 1079 ± 84c 41.6 ± 2.3a Nd
Hd03 432 ± 16a 86.5 ± 2.4a 2.10 ± 0,23a
Hd04 496 ± 27a 638 ± 21b 21.23 ± 1.45c
Hd05 659 ± 34b 1354 ± 89c 17.94 ± 0.32b
In each column, different letters mean significant differences between
maturation stages (p < 0.05).
Nd = non-detected.
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flavonols) are presented in Table 1. Flavonols presented the
lowest content in Hd02 (41.6 mg quercetin/100 g dw) and dras-
tically rose up to values of 1354 mg quercetin/100 g dw in
matures stages, especially Hd05. Regarding anthocyanins, they
were the minority; these family of compounds were not found
in the pseudofruits at immature stages (Hd01 and Hd02).
HD03 was the first stage where the antocyanins were de-
tected, with 2.1 mg cyanidin-3-glucoside/100 g dw, and this
level increased with maturation to 21.23 mg cyanidin-3-
glucoside/100 g dw in stage Hd04; then to 17.94 cyanidin-3-
glucoside/100 g dw in the stage HD05. Anthocyanins have been
reported as some of the phytochemicals most affected by the
maturation processes, increasing their levels as ripening ad-
vances. Siriwoharn, Wrolstad, Finn, and Pereira (2004) have
shown an increase in anthocyanins through ripening process
in blackberries,while total phenolic compounds and antioxidant
activity did not show significant changes; this support their
formation from other phenolic compounds.This is also in agree-
ment with the present results, since total phenolic compounds
decrease as anthocyanins and flavonols increase. According
to Winkel-Shirley (2001) flavonols synthesis takes place before
anthocyanins; in the present study both compounds were highly
correlated (0.833; p < 0.000), suggesting protective action of these
molecules, as previously stated by Bobbio and Bobbio (1995).
These changes may be in relationship with antioxidant ca-
pacity of the peduncles, as commented below.
3.2. Organic acids
In the analysed peduncles OA, TA, MA, AA, CA and FA were
found, being TA, CA and OA the most abundant compounds,
with changes in their profiles through maturation. Particu-
larly, organic acids play an important role in the maintenance
of the quality of different fruits, with MA, CA and TA acids as
the most widely spread and major ones in fruits and veg-
etables (Brady, 1987), but they can be highly influenced by
different environmental conditions and plant metabolism
(López-Bucio, Nieto-Jacobo, Ramırez-Rodrıguez, &
Herrera-Estrella, 2000).
There are just a very few studies on the chemical compo-
sition of non-volatile organic acids in pseudofruits of H. dulcis
and none of them have studied their evolution through matu-
ration process. Xiang et al. (2012) reported seven different
organic acids in mature peduncle of H. dulcis gathered in
Lishan Mountain of Lintong District in Xi’an City, Shaanxi
Province (China), including tartaric, oxalic, malic, fumaric,
acetic, succinic and ascorbic acids, with no mention of citric
acid; TA followed by malic acid MA (with 5630 and 347 mg/
100 g fw respectively) were the major acids found by these
authors. Moreover, comparing with other pseudofruits, Scherer,
Rybka, and Godoy (2008) reported that tartaric, malic, citric
and ascorbic acids were the major acids found in cashew
pulp, with values higher than those found in H. dulcis
peduncules.
In this study, a general reducing trend in the amount of the
majority organic acids (oxalic, tartaric, ascorbic and citric) was
found, which may be a result of its use in respiration, as well
as for new synthesis of substances (e.g. sugar formation)
(Chitarra & Chitarra, 2005). TA and citric acid (CA) were pre-
dominant in the most immature samples (Hd01) with values
of 4822 and 2854 mg/100 g dw, respectively (Table 2). During
maturation process, the profile of organic acids in the pe-
duncles of H. dulcis changed, as can be seen in Fig. 1, evolved
from TA as the major one in Hd01 (4822 mg/100 g dw), to CA
at Hd02 and after, reaching 1389 mg/100 g dw in the most
mature stage (Hd05).
In this work, ascorbic acid, presented a clear decrease during
maturity, from 85 to 14 mg/100 g dw. Immature pseudofruits
presented higher levels of AA, together with CA andTA, which
may be related to a protective effect provided by these sec-
ondary antioxidants.
Oxalic acid (OA) presented values ranging between 328 and
675 mg/100 g dw, being higher in Hd01 and Hd02. Malic acid
(MA) increased in early maturation process (Hd04), and slowly
declined until full maturation (Hd05); this fact could be attrib-
uted to its low resistance to oxidative respiration, which is
enhanced during this phase (Carrol & Marcy, 1982).
3.3. Antioxidant capacity
Antioxidant mechanisms in biological tissues are extremely
complex, and there is not one method that can provide un-
equivocal results (Carocho & Ferreira, 2013).Thus the antioxidant
capacity of H. dulcis peduncles was evaluated by four differ-
ent in vitro assays based on reducing power and free radical
scavenging, including Folin–Ciocalteu, ABTS, FRAP,CUPRAC, as
shown in Table 3.
In all methods studied, the higher antioxidant capacity was
observed in the developmental Hd01, and the lower value (mea-
sured by all antioxidant assays performed) corresponded to
Hd03.The evolution of antioxidant capacity in function of rip-
ening can be observed in Fig. 2. A trend of decreasing (from
Hd01 to Hd03) and increasing (from Hd03 to Hd05) in antioxi-
dant capacity was detected using all methods. This evolution
could be closely related with the polyphenols contents, mainly
during the first stages of maturation, since a very similar re-
duction, of about 39%, was observed in either total polyphenols
or antioxidant capacity (by all methods applied). The statisti-
cal analysis applied corroborated this tendency, showing
significant correlations between polyphenols and almost all the
Table 2 – Organic acids (mg/100 g dw) in pseudofruits of Hovenia dulcis Thunberg at different maturation stages.
Stages Oxalic acid Tartaric acid Malic acid Ascorbic acid Citric acid Fumaric acid
Hd01 439 ± 6c 4822 ± 87e 47 ± 0a 85.0 ± 2.3c 2854 ± 42.c 1.78 ± 0.12a
Hd02 675 ± 2d 3220 ± 57d 65 ± 2b 82.9 ± 0.9c 5409 ± 76d 1.19 ± 0.07a
Hd03 328 ± 5a 1806 ± 44c 108 ± 6d 75.0 ± 3.6b 2162 ± 78b 49.26 ± 2.48d
Hd04 344 ± 10b 393 ± 11b 112 ± 6d 13.5 ± 0.7a 1383 ± 57a 23.86 ± 0.79c
Hd05 352 ± 4b 186 ± 0a 88 ± 3c 14.9 ± 1.2a 1389 ± 26a 12.09 ± 0.48b
In each column, letters mean significant differences between maturation stages (p < 0.05).
1121j o u rna l o f f un c t i ona l f o od s 1 8 ( 2 0 1 5 ) 1 1 1 7 – 1 1 2 4
antioxidant assays performed, ABTS (correlation coefficient of
0.926; p < 0.000), CUPRAC (0.956; p < 0.000), FRAP assay (0.872;
p < 0.000) and Folin–Ciocalteu (0.533; p < 0.000), being the cor-
relations with ABTS, CUPRAC and FRAP, stronger than with
Folin–Ciocalteu.This is related to the different reactivity of these
different assays towards different molecules, and demon-
strates the necessity of using different assays to complement
Folin–Ciocalteu method. Furthermore, the assay of Fast Blue
for phenolic compounds analysis correlates better with ABTS,
CUPRAC and FRAP than Folin–Ciocalteu method, which is less
specific for phenolics determination.
In the mature stages an increase in antioxidant capacity
occurs despite the decrease in total phenolic compounds.The
increase of flavonols and anthocyanins, probably synthe-
sized from other phenolic compounds in themature stages may
contribute to these increases since some studies suggest that
anthocyanins,more specifically cyanidin-3-glycoside, are an im-
portant contributor in suppressing chemically induced peroxyl
radical and intracellular oxidation (Elisia, Hu, Popovich, & Kitts,
2007). However, Hd01 and Hd02 afforded a greater antioxi-
dant capacity, whichmay be attributed to the high total phenols
content found in these samples, as well as to other non-
phenolic compounds. In this sense, AA, TA and CA, found in
higher levels in immature stages of peduncles, may also con-
tribute to this property, either as antioxidants per se or as
synergistic phenols or other natural antioxidants, as it has been
reported previously in other plant products (Matsuzaki & Hara,
1985).
3.4. Principal components analysis (PCA)
In order to characterize and classify the different samples of
H. dulcis peduncles studied according to the presence of anti-
oxidant compounds and their antioxidant capacity, a
multivariate analysis was applied, advisable due to the vari-
ability observed (Fig. 3). A principal component analysis (PCA)
was performed reducing the multidimensional structure of the
data, which provided a two-dimensional map for explaining
Fig. 1 – Chromatographic profiles of organic acids in
pseudofruits of Hovenia dulcis Thunberg at different
maturation stages: Oxalic1, Tartaric2, Malic3, Ascorbic4,
Citric5, Fumaric6.
Fig. 2 – Evolution of antioxidant capacity during maturation
process of the H. dulcis peduncles.
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the observed variance. The two components of the PCA per-
formed explain 90.54% of the total variance (62.04% first, 28.50%
second). All the studied samples were plotted on the reduced
space of the two principal components (Fig. 3). The first prin-
cipal component is highly and positively correlated to tartaric
acids (TA), citric acid (CA), ascorbic acid (AA), oxalic acid (OA),
Fast Blue assay (FB), ABTS, CUPRAC and FRAP assays, and nega-
tively and highly correlated with malic acid (MA), fumaric acid
(FA), total anthocyanins and flavonols.While the second prin-
cipal component was strongly and positively correlated to total
anthocyanins, flavonols content and Folin–Ciocalteu assay, as
well as all the antioxidants assays performed.
All the fruit stages are plotted on the reduced space of the
two first principal components as it is shown in Fig. 3. As it
can be seen, stages Hd01 (3.781) and Hd02 (2.241) are posi-
tively characterized by first principal component (thus, with
higher TA, CA, AA, OA, total phenolics and antioxidant capac-
ity based on electron transfer mechanisms, contrary to Hd03
(−2.279), Hd04 (−2.471) and Hd05 (−1.264)). From these three, the
most mature stage is characterized by the highest content of
all families of phenolics studied, as well as antioxidant ca-
pacity based on hydrogen transference.
4. Conclusions
This is the first study on phenolics and antioxidant capacity
of H. dulcis pseudofruits through maturation process. The
immature pseudofruits (Hd01) are a better source of phenols
than the mature ones. However, the content of flavonols and
anthocyanins increased in mature peduncles, as total pheno-
lic compound decreased during maturation. The profile of
organic acids in the peduncles of H. dulcis evolves from TA as
the major one in Hd01, to CA at Hd02 and the following stages.
Accordingly to these profiles, and specially with the high levels
of total phenols and tartaric acid, the immature peduncles (Hd01
or Hd02) would be the best option for industrial utilization of
this product since they exhibit a greater antioxidant capacity
than the mature ones (Hd04 y Hd05). The lowest antioxidant
capacity was found in the intermediate stage (Hd03). Further
studies should be conducted in order to more deeply study the
characteristics of phenolic compound composition in this un-
derutilized product, and also in relationship with other potential
biological activities. These results suggest that the antioxi-
dant properties of H. dulcis peduncles can be optimized if they
are collected at immature stage, contributing to a better knowl-
edge of the potential application of underutilized H. dulcis
peduncles as an alternative ingredient for functional foods,
dietary supplements or nutraceuticals, with bioactive
properties.
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